TMTK RRT, AND RF.CORnj.NG METHOD AND RECORDED ARTICLE USING THE SAME 
D^£ESRQSZBB OF THE INVENTION 

1, rielti of the invention 

The present invention relates to an ink set for which the 
phenomenon of the colors of aprinted article (color recorded image) 
differing according to the light source used when viewiny the 
printed article (metaraerism) has been reduced. Moreover, specific 
embodiments of the present invention relate to inJc sets tor which 
printing stability end light-f astne33 are also good. 

2. DaactiuL iou of Lhe Related A rt 

x/ari fins ink- spfs tor forming vivid, high-quality color images 
have been developed iu Uie pasl. 

In Japanese Patent Application Laid-open No. nil 220000, an 
ink set for inJc jet recording that: is u.s«=d together with an ink 
jet recordiuy appai-aLus and a recording medium and contains a yellow 
ink,, a magenta ink and a cyan ink io propoocd, wherein each of the 
inks contains at Ip.ast * specified kind of pigment that has an 
average peuLicle diameter within a specified range and whose 
content in the ink io within a specified range/ a dispersant whose 
content relative to the pigment content is within a specified range, 
aj;d a water-based solvent. 
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Moreover, in Japanese Patent Application Laid-open No. 
H10-120956, ink sets for ink jet recording comprising a cyan ink, 
a magenta ink and a yellow ink are proposed, for example da ink 
set in which is used a combination of C.I. pigment bluo 60, 22, 
64 or 21 and c.I. pigment blue 15:3 as the cyan ink, and an ink 
3et in which are combined this cyan ink, <x yellow ink cimtaininq 
C.I. pigment yellow 109 and C.I. pigment yellow 110, and a magenta 
ink containing C.I. pigment red L22 or C.I. pigment red 209. 

However, with these previously proposed ink aels, a printed 
article (color recorded image) produced by printing on a recording 
medium such as paper differs in color according to ditrerenr.es in 
the light source (fluorescent lamp, incandescent lamp, sunlight 
etc.) . That is, a phenomenon (metamerism) occurs in which the colors 
of a pj.inL.ed article when the printed article is viewed using one 
light source arc different to when the printed article is viewed 
us'ng annt-hp.r light source. In general, metamerism refers to the 
phenomenon in which two colors havinq different spectral 
distributions appear to bo the aame color as one another under 
certain illumination conditions thp like, but appear to be 
different colors Lo one another when the illumination conditions 
or the like are changed. Hero, ^illumination conditions or the like' 
includes not nnl y the i.l lumination conditions themselves, but also 
the teutpei-aLure of Lhe light, and the characteristics of the color 
vision of the viewer. Such metamerism is used in the evaluation 
of Lighting and object colors, but metamerism with industrial 
products is often a problem in terms of color matching. 
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SUMMAKY OK TH£ INVENTION 

It is thus an object of the present invention to provide an 
ink sel thai uses excellent pigments such as those mentioned ahovp. 
but for which metamerism is reduced. 

The present inventors carried out assiduous studios, and as 
a result discovered that, in the case or an inJc set comprising a 
yellow ink, a magenta ink and a cyan ink, the above objecL can be 
obtained if reflected light from an output color produced by color 
mixing through Ink jet output has certain specified spectral 
characteristics . 

Rased nn this discovery, the present invention provides an 
ink set compi i»i«q a yellow ink, a magenta Ink and a cyan ink, 
wherein, when color mixing is carried out through ink jet output 
of rhe inks in rh« ink set such that the output color under a D50 
light source is such LhaL the spaLial coordinates (L*,a*,b*) 
stipulated by tho CIE arc (50,0,0), the difference between the 
maximum value and the minimum va I ne of the rpf 1 ectance cf the output 
color over a liyUL svurce wavelenqth range of 400 to 700nm is not 
more than 20%. 

Moreover, thp. prpsent invention provides an ink set as above, 
wherein the yellow ink is such Lhat the output color thereof through 
ink jot output hao a reflectance of not more than 50% under a D50 
light source at a light source wavelength of 500nm. 

Moreover, the present Invention provides an ink set as ahove, 



wherein the ya Mow ink \s such that the output color thereof through 
Ink )et output has a reriectance in a range or bb -o tfOtt under a 
DSC light oource at a light source wavelength of MOnm. 

Moreover, the present invention provides an ink set as above, 
whyitiiu the yellow ink contains a yellow pigment as a colorant. 

Moreover, the present invention provides an ink aet <ia above, 
wherein the yellow pigment is C.I. pigmont yellow 110. 

Moreover, the present invention provides an ink set as above, 
wherein the magenta ink contains CI. pigment red 122 «uid/or C.I. 
pigmnnt- tpH 70? r and the cyan ink contains C.I. pigment blue IS: 3 
and/or C.I. pigment blue 15:4. 

Moreover, tho present invention provides an ink set as above, 
wherein each of tho ypllow ink, the magenta ink and the cyan ink 
contains a pigment <*s 4 colorant, and a block copolymer (I) as 
described below as a diopcroant for dispersing the pigment - 

The block r.opnlympr (T) has an AB, ABA or ABC structure, 
wherein : 

block A is hydrophilic; 

block u is hydrophobic, and contains ar Ipast 3ftwt% based on 
the total weight of block B of a iiou-acxylic monomer selected from 
the group consisting of: 

11 J molecules having thp general formula CH 2 =CH-R, where R 
is a C f to c, n optionally substituted alkyl group, aryl group, 
aralkyl group or alkoryl group, 

(?.) *nnlecn.' ! es having the general formula CH^CH-OR 1 , whoro 
R 1 is a C„ to C, n optionally substituted alkyl group, aryl group, 



araikyi group or alkaryl. group, 

(3) molecules having the general formula CH^CH-O-ctOJR 1 , 
where R 1 io ac in (2) above, and 

(4) molecules having the general formula CH^CH-NR 2 ^, whore 
R 2 diici r 1 axe each independently H or a C, to ts 30 optionally 
cubctituted alkyl group, aryl group, aralkyl group oj. dlkdiyl yiuup, 
with the condition that R* and R"* are not both H; and 

block c can be freBly chosen. 

Moreover, the present invention provides ciu iuk. set d.s above, 
whftrein pach of the yellow ink, the magenta ink and the cyan ink 
contains a l, 2-allcanediol . 

Moreover, the present invention provides en ink set as above, 
further comprising a green ink. 

Moreover, the pieseal invention provides an ink set as above, 
wherein the groon ink containa a green pigment as a colorant. 

Moreover, r.ho prp.spnf i nvention provides an ink set as above, 
wherein the green pigmeii'. comprises C.I. pigment green 1 and/or 
C.I. pigment green 36. 

Moreover, the present invention provides an ink. set as above, 
further comprising a bl«ick ink. 

Moreover, the present invention provides an ink 3et as above, 
further comprising a light magenta ink and a light cyan ink. 

Moreovei, the present invention provides an ink set as above, 
further comprising a black ink, a light magenta ink and a light 
cyan ink, wherein each of the black ink, the light magenta ink and 
the liyht cyan ink contains a pigment as a colorant, and a block 



copolymer (1J as described below as a dlspersant for dispersing 
Lhtj pigment,. 

Tho block copolymer (I) haa an AD, ABA or ADC structure, 
wherein : 

block A is liytlLuplullc; 

block B io hydrophobic and contains at least 00wt% based on 
the rota I weight of block B of a non-acrylic moiiomsr selected from 
Lilt; yryup cousisLinq of: 

(1) molecules having the general formula CII 2 =CH-R, where R 
as a C c to C 20 optionally snhst.f tnted alkyl group, aryl group, 
aralkyl group ox alkaryl qroup, 

(2) molecules having the general formula CH 2 -CH-OR% where 
K 1 is a C 3 to C S3 optionally substituted alkyl group, aryl group, 
aralkyl group or alkaryl group, 

(3) molecules having the general formula CH 2 -CH-0-C (O) R 1 , 
where R a Is as in (2) above, and 

(4) molecules having the general formula CHj,-cH-nrV, where 
R* and R' are each independently H or a C, to C 20 optionally 
substituted alkyl group, aryl group, aralkyl group or alkaryl group, 
with the condition that R 2 and R 3 are not bulh H,- and 

block C can be freely chosen. 

ttoreover, the present invention provides an ink set as above, 
wherein each of the black ink, the liuhL uidyeuU ink ami the light 
cyan ink contains a 1, 2-alkanodlol . 

Moreover, the present Invention provides a recording method, 
comprising the a Lap of foxwiny an Image on a recording medium using 
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an ink set as above. 

Moreover, Lhe present invention provides a recorded article, 
comprising a recording medium having an image formed thereon using 
an 1nlc sot as above. 

B3JLSJE DF-qCRirTIQN OF TIT? nRAWTNcn 

Fig. 1 is a graph showing spectral characteristics 
(relationship between light source wavelength and reflectance) of 
reflected light for a gray scale image formed -using the ink sat 
ul Example 1; 

Fig. 2 is a graph showing spectral characteristics 
(relationship between 11 ghf. source wavelength and reflectance) of 
reflected light for a gray scale iii-aqe footed using, the ink set 
of Comparative Example 1; 

Fig. 3 is a graph showing spectra l characteristics 
(relationship between light source waveleuyLh and re Ilec lance) of 
reflected light for images formed using each of the inks in the 
ink set or Example 1; 

Fig- 4 is a graph showing speuLial characlerisLlcs 
(relationship between light source wavelength and roflcctancc) of 
reflected light tor images formed using each of the inks in the 
ink set of Comparative Example 1; 

Fig. 5 is a graph showing spectral characteristics 
(relationship between light source wavelength and reflectance) of 
reflected liyhL £vi- a gray scale image formed using the ink set 



of Example b; 

Fly. 6 is a qraph showing spectral characteristics 
(relationship between light oource wavelength and reflectance) of 
reflected light for a gray scale image formed using the ink sat 
of Example 6; and 

Fig. 7 is a graph showing spectral characteristics 
(relationship between light source wavelength and reflectance) of 
reflected liqht for a qray scale image Termed using the ink set 
of Comparative Example 2. 

DasCRTPTTON OF THE FREFERRF.D KMR OP TMF.TJT S 

Following is a detai led description of the present invention 
in terms of preferred embodiments LheteuC. 

The present invention is an ink sot comprioing a yellow ink, 
a magenta ink and a cyan ink, wherein, when color mixing is carried 
out through ink jet output of the inks in the ink set such thai 
the output color under a DSO light source is such that the spatial 
coordinates (L*,a*,b*) stipulated by the CIE are (50,0,0), the 
difference between the maximum value and Lhe minimum value of the 
reflectance of the output color over a light source wavelength range 
of 400 to 700nm is not more than 20%. 

Dy adopting such a constitution, Lhe phenomenon of metamerism 
(light source dependence) , in which, when a color image is printed 
using the ink set, the colors nf the resulting printed article when 
the printed article Is viewed usinq one liqht source are different 
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to when the printed article Is v1p>wr<1 using another light source, 
is x educed. 

If the difforencc between the maximum value end the minimum 
value ot the rat I Rrfflnr.? of the output color over the light sourca 
wavelength range of 400 Lo 700«m exceeds 20%, then metamerism cannot 
bo sufficiently reduced. 

Note that throughout this specification, ''output color' 
lefers, foi example, Lo Lhe color of an image formed by outputting 
onto a recording medium or the like, and includes not only the case 
01 the output color proriur.firJ when color mixing is carried out 
through output of a cumLiimlion of inks in the ink set as described 
above, but also the case of the output color produced when a single 
ink in the ink set is outputted. 

It is preferable for the difference beLween Lhe maximum value 
and the minimum value of the reflectanco of the output color to 
be not more than 15%, since metamerism can the.n h« re.dnred further. 

The color such that the spatial coordinates (L*, a*,b*) 
stipulated by the CIE are (50,0,0) is producod, for example, by 
carrying out ink jet output onto a recording medium or the like 
using a normal ink jet printer or the like, with culut mixing belnq 
carried out in which, all of the inks in an ink set comprising a 
yellow ink, a magenta ink and a cyan ink are tnixpiri together in 
suitable proportions. 

The ink sot of the present invontion io mode to be such that 
the reflected light under a sped f i p.H 1 i ght soxirce from the output 
color produced by such color mixing has specified spectral 



characteristics, and as a result metamerism of color recorded 
iiudyes is reduced. Specifically/ the InK set of the present 
invention is made to be ouch that, when the output color under a 
DbO light Knnrr.p is such that the spatial coordinates (L*,a*,b*) 
stipulated by Lbe CIE (Cuiiuulaslon Internationale de l'Eclalrage 
- International Commission on Illumination) are (00,0/0), the 
rpT i ectance of the output color over a light source wavelength rango 
ol 400 lv 700mu is within the above-mentioned range. 
(Yellow ink) 

According to a prpfprred form, of the present invention, the 
yellow ink is such thai when a yellow image is formed through ink 
jet output of the yellow ink, the reflectance of the yellow image 
under a D5U light source is not morp than 50% at a light source 
wavelength of 500nm, and is in a i<±iiue uf 55% to 80% at a light 
source wavelangth of S4 0nm. By using such a yellow ink, metamerism 
reduction can be improved, in parr.i r.u i ar, hy using a yellow ink 
3uch that the reflectance of the yellow imdye under a D50 light 
source is not more than 30% at a light source wavelength of 500ntn, 
and is in a range of 60% to 75% at a light source wavelength of 
540nm, metamerism reduction can be yel Culher improved- 
Note that the conditions when forming the yollow image arc 
normal conditions, lor example the yellow i-nage is formed by 
outputting the yellow ink onto a itfuurdiiiu medium or the like 
through ink jet output using a normal ink jet printer or the like. 

The yellow Ink that is such that the reflectance of the yellow 
image is not muie IUbu 50% at a liqht source wavelength of 500nm 
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and is in a range of hh* to Rf>% at a light source wavelength of 
540imi as described above preferably contains a yellow pigment as 
a colorant, but may alternatively contain a yellow dye. 

Tn particular, it is preferable for the yellow ink to contain 
C.I. pigment yellow no as Lbe vellow pigment. 

Moreover, in addition to the yellow pigment, the yellow ink 
preferably contains water. Pigments are generally insoluble in 
water, and hence when adding a pigment to a water-based ink, a 
dioperoont auch a.3 a resin is also mixed into the ink, thus sLabTy 
daspersing the pigmpnt in the water. 

Following is a detailed description for the case that a 
pigment is used. 

by suitably selecting the. type and particle diameter of the 
pigment, the type of resin used, lbe dispersion means and so on, 
the pigment can be dispersod etably in the water-based ink. 

The amount of the pigment arirlpri to the ink may be selected 
as appropriate from a range such that iuidyes havinq qocd hues can 
ba realized, and also good light- fastness and water resistance can 
be obtained; it is preferable, for example, tor this amount to be 
10wt% or less. 

It is preferable for the pigment to bo added to the ink in 
the form of a pigment dispersion ohfainpd by dispersing the pigment 
in a water-based solvent usiuq a dispexsanl or a surfactant. As 
a preferable dispersant, a disperoant that is commonly used in the 
preparation ot pigment dispersions, for example a macromolecular 
dispersant, caii be used. 
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An example, of a particularly preferable dispersant for 
dispersing the piqment is a block copolymer U) having an AB, ABA 
or ABC structure. Use of such a block copolymer (I) is preferable 
in t«rnis of it being possible to obtain good printing stability 
and liyhL-lasLuess. The block copolymer (I) is the dispersant 
dioclooed in Japanese Tatent Application Laid-open No . Hll-269418. 

In the AB, ABA or ABC structure of the block copolymer (I) ,. 
block Ala hydrophilic, block B Is hydrophobic and contains at least 
30wt% booed on the total weight of block B of a non-acrylic uioiiuiiiet 
selentftri from thp group consisting of (1) to (4) below, and block 
c can be fxeely chosen. 

(1) Molecules having the general formula ClI^CII R, where R 
is a C e to Cj 0 substituted or nnsnhstituted alkyl group, aryl group, 
aralkyl group or alkaryl qiuup; here, 'subt»LltuLed r means that the 
alkyl group, aryl group, aralkyl group or alkaryl group con-ains 
one or more subsr.ir.up.nts rhal- rio nor hamper the polymerization 
process; such substituents include, Ioj. example, hydroxy qrcups, 
amino groups, ester groups, acid groups/ ocyloxy groups, amide 
groups, nltrile groups, halogen atoms, haloaikyi groups andalVoxy 
groups. Specific examples or CH 3 =CH-k include styrene, a- 
methylstyrene, vinylnaphthalene, vinylcyclohcxanc, vinyltoluene, 
vinylanisole, vinylbiphenyl , and vinyl -?-norbornene. 

(2) Molecules having the general formula CH 3 =CB-OR 1 , where 
R 1 is a C 3 to C 20 substituted or unoubotituted alkyl group, aryl 
group, aralkyi group o*- alkaryl group; here, the meaning of 
*subbLiluled' is as in (1) above, specific examples of CH a =Ch- 
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OK 1 include vinyl n-prnpyl Pthpr, vinyl t-butylether, vinyl decyl 
eLher, vinyl isooctyl ether, vinyl octadecyl ether/ and vinyl 
phenyl other. 

(3) Molecules having the general formula CE.=CH-0-C (0) R l , 
where R 1 ia da (2) above. Specific examples of CHg=CH~0-C (0) K 1 
include vinyl propionate, vinyl butyrate, vinyl n-decanoate r vinyl 
stearate, vinyl laurate, and vinyl benzoate. 

(4) Molecules havinq che general formula Ui 2 =Ch-NK 3 R 3 , where 
R* and R 3 arc each independently 11 or & C i to c 2o substituted oi 
unsubstl t.ntftd alkyl group, aryl group, aralkyl group or alkaryl 
yxuup, with Lhe condition that R* and R 3 are not both h; here, the 
meaning of Substituted' ie as in (1) above. Specific examples of 
(Jti^Ch-NR^K 3 include NT-vinyl r.arhaznl e and vinyl phthalimide- 

In the above block copolymer having ail AB, ABA or ABC 
structure, each of the letters A, B and C represents a block of 
Che copolymer. Different ler.r.Ar.s thus represent blocks having a 
different monomer composition, whereas two instances of Lhe same 
letter represent blocks having tho same monomer composition. An 
kb block copolymer is thus a diblock that contains two riiffRrRnt 
blocks; an ADA block copolymer cunlains three blocks, but there 
are only two different types of block (i.e. the two blocks A arc 
the same) ; an AdC block copolymer a I so contains three blocks, but 
all three blocks are different Lu one another. 

Moreover, in the above structure, rogardle3 3 of which block 
Copolymer is used, hlor.k is hydrophobic and is thus capable of 
bonding tu Lhe colorant. Moreover, blocfc A is hydrophllic and is 

13 



thus soluble 1n the. aqueous vehicle. In the case of an ABA. structure 
or an ABC structure, the third block <the second block A or the 
block C) io uccd for fine adjustment of the balance between the 
hydrophobic and hydrophilic properties of the polymer. The third 
block may Ihus be a hydrophilic block (the case ABA) , or may have 
a composition different to either the block A or the block B (the 
case ABC) . Note that ^aqueous vehicle' here generally rofors to 
waler and water-soluble organic solvents. 

The hydrophobic block must be sufficiently large so that 
ftffftr.fi Vfi honding to the surface of the pigment takes place. The 
number average molecular weiqht of this block is thus at least ci'JU, 
preferably at least 500 . The hydrophilic block must be sufficiently 
large so as to bring about a 3-D stabilization mechanism and an 
electrostatic stabilization mechanism fur producing stable 
dispersion. It is also proforablc for the balance to be maintained 
between the size of the hydrnphi Mr Mock and the size of the 
hydrophobic block such that the polymer as a whole is soluble in 
the aqueous vehicle. 

The hydrophobic block may also contain other ethyl pnin 
unsaturated monomers, i.e. acrylic monomers . Specific examples of 
such monomers include C t to C w esters of acrylic acid or mcrhocrylic 
acid, for example methyl ar.rylate, <=thyl acrylate, n-butyl 
aerylate, 2-ethylhexyl acrylale, methyl melhacrylate, ethyl 
methacrylate, n-butyl mothacrylatc, t-butyl methacrylate, 2- 
ethyihexyl m«t harry late, cyc.lohexyl methacrylate and so on. 

The hydrophilic block car. be prepared from ethylenic 
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unsaturated monmrprs. This hydrophilic block must be soluble in 
the selected aqueous vehicle, and may thus contain up to lUUWt*, 
profcrably at lcaor 50wt%, of an ionizable monomer based on the 
total weight of the hydrophilic block. The selection of the 
ioiiizable monomer depends on the desired Ionic properties of the. 
ink, corresponding to the selected use. In the case of an anionic 
block copolymer dispersant, such ionizable monomers aro mainly 
monomers containing an acid group or an acid precursor group. 
Specific examples of useful monomers include acrylic acid, 
mftthanryl i r. arid, crotonic acid, itaconic acid, itaconic acid 
moiioeslers, maleic acid, maleic acid monoesters, fumaric acid and 
fumaric acid monoeetore. 

In the case of a r.atinnir: block, copolymer dispersant, 
preferable ionic monomeia in Lhe hydrophilic part are amine- 
eontaining monomers. The amino grcupo may be primary, secondary 
or tertiary amine groups, or a mixture thereof. Specific examples 
of amine-containing monomers include N, N-diitielhylarainoelhyl 
acrylate, N,N-dimethylaminoothyl mcthacrylatc, N,N- 
dleiihyiaminoethyl nethacrylate, t-butylaminoathyl mp.rhar.ryl atp, 
2-N-morpholinoethyl acrylatts, 2-N-iuoipUolinoeLhyl methacrylate, 
4-aminostyrene, 2-vinylpyridine and vinylimidaaolo. 

it is also possible to ns« non--»onic hydrophilic monomers 
or water-soluble monomers fis appropriate, Lhus finely adjusting 
the hydrophobic/hydrophilic balance, and hence adjusting the 
dissolution propprtips of the block copolymer. Such non-ionic 
liydiophilic monomers or water-soluble monomers can easily be 
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copolymerized into the hydrophnbl r. h lock or the hydrophilic block, 
or into a separate third block such as block C oi an AbU block: 
copolymer, thus achieving the dcoired effects. Useful specific 
examples ot sur.h non-i n-ni r. hydrophilic monomers or water-soluble 
monomers include alkyl aciylales and alkyl methacrylates having 
C x to C 12 alkyl groupo, for example methyl acrylate, methyl 
mp.rhar.ry I ate, ethyl acrylate, ethyl me thacry late, butyl acrylate 
and butyl iaethaci.ylale, and also acrylamlde and methacrylamide. 

Tha block copolymer used as a di3persant in the present 
invention can be manufactured efficiently by using a macromonomer 
as an interiuodiaLfci and making, a plurality of blocks simultaneously 
and continuously. A macromonomer that hao a polymcrizable double 
bond at an end thereor and will become one of rhp b.locks of the 
block copolymer is first prepared. This is then cupul ywerized with 
a monomer selected for use as the second block. In the cooc of an 
ABA or ABC triblock copolymer, it is preferable* 1-0 s^-art with the 
oynthesi3 of the hydrophilic macromonomer as the first block. In 
the case of an AB block copolymer, synthesis of oithor the 
hydrophobic macromonomer or the hydrophilic macromonomer is an 
effective first 3tep. The macromonomer is best prepared using a 
frpp radical polymerization method, preferably using a catalytic 
chain transfer agent or an organic chain transfer agpnt to make 
chain transfer possible; a cobalt (II) or cobalt (III) complex can 
be used as a catalytic chain transfor agent. The organic chain 
transfer agents include a.llyl sulfides, allyl bromides and 
methacrylate oligomers haviuy viuyl terminal groups, Including 
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dimers, ct-methylstyrene diners and related compounds theroof. 

Moreover, the block copolymer can be synthesized via a 
macromonomor as disclosed in International Patent Application 
Laid-open No. WOQfi/1 M 57 (.Tune 1996) . A block copolymer useful in 
the present invention has a weiqht averaqe molecular weight of 
approximately 1,000 to 50,000, preferably 2,000 to 20,000. 

An AB block copolymer prepared by the above method has a 
pulyuie l liable double bond at an end thereof, and hence an AbA or 
ABC biocJc copolymer can be formed via conventional free radical 
polymerization in t.hp. ahnvp mpfhod by further polymerizing with 
anotliwl uiouumei. yruup. 

Many commonly used organic solvents can be used ao the 
polymerization medium when preparing - both the* nacromonomer and the 
block copolymer. Examples include, but die not limited to, alcohols 
such as methanol, etbanol, n-propanol, and isopropanol, ketones 
such as acetone, butanone, pencanone and hRxancrnp., tptrahydrcfuran, 
diethyl ether, ethers such as ethylene glycol iuu.uod.lkyl ethers, 
ethylene glycol dialkyl ethers, polyethyleno glycol monoalkyl 
ethers and polyethylene glycol diai:<yl ethers, tor exampie rhp. 
commonly available Cellosolve and Carbitol, alky! esters of acetic 
acid, propionic acid and butyric acid, glycols such as othylanc 
glycol, and mixtures of the above. 

To make the block copolymer soluble in the aqueous vehicle, 
it is necessary to produce salts of the ionic groups in the 
hydrophiiic par7. Salts of arid groups can be prepared by 
neutralizing with a neutralise!- such as base. Specific examples 
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of useful bases include a Ilea 1 1 metal hydroxides (1 i thium hydroxide, 
sudluuihydt oxide and poLassium hydroxide) , alkali metal carbonates 
and bicarbonatos (sodium carbonate, potassium carbonate, sodium 
bicarbonate, and potassium carbonate), organic amines 

(monomethylamine, dimelhylbuuine, LrixtieLhylamine, morpholine, 
N-nathylmorpholinc) , organic alcohol amines (N,N- 
riinethy l.ethanolamine, N-methyldiethanolamine, monoethanol amine, 
UieLhdiiolamiiie, LrieLhanol amine) , ammonium salts [ammonium 
hydroxide/ tctraalkylammonium hydroxide), and pyridine- In the 
case o± a cation 1c block- copol ympr di.spe.rsant, the amino groups 
are litsuLidliiitid wiLU an acid such as an orqanic acid or an Inorganic 
acid. Specific examples of useful acids include organic acida 

(acetic acid, propionic acid, tormir. arid, nxalir. ac.-id), 
hydroxylated acids (glycolic acid, lactic acid) , ualuqejudled auids 

(hydrochloric acid, hydrobromic acid) , and inorganic acidc 

(sulfuric acid, phosphoric acid, nir.ri.r. aniri). 

The dispersant described above is preferably uaed in an 
amount of 0.1 to 2.0wt%, more preferably 0.2 to 1.0wt%, relative 
to the piqment. 

Moreover, the yellow ink preferably contains a 1,2- 
al.kanediol. In general, the idea of adding a penetration promoter 
such as triethylene glycol monobutyl ether (TRGmBF.) to improve the 
penetrability of an ink composition is known. However, by using 
a 1, 2-alkanediol as a penetration promotor instead of TECmBE or 
the like, the same level of penef rabi 1 i ty i nto media can be realized 
using a smaller amount u£ the peuelialion promoter, when using a 
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1, 2-alkanediol, the amount of the pmipf '-atior promoter added to 
the ink can thus be reduced. This is advantageous in terms of 
improving the stability of the otate of dispersion of the pigment 
in the ink, and hf*T\r.a thp storage stability and reliability of the 
ink can be improved. Mu:euver f the permissible amount of addition 
of components other than the colorant in the yellow ink can be 
inr.r<=ARP<-l, wh i.ch. is advantageous from the viewpoint of ink design 
and iuipi-uveiueuL. Moreover, when usinq a 1, 2-alkanediol, the 
increase in the viocooity of the ink can be kept down better than 
when using a commonly usp.d ppnptrat.ion promoter such as TEGmBE, 
and hence it alau becotiea possible to increase the amount added 
of a humectant. 

It is preferable to use a C, to C. 1C . 1 , V^nediol as the 
1,2 alkanediol. Moreover, two or more 1, 2-alkanediols may be used 
mixed together. 

In a more preferable form of r.he presp.nl- invert ion, the 
1, 2-alkanediol is selected from the group consisting of 1/2- 
butanediol, 1, 2-pentanediol, 1, 2-hexanediol/ 1,2-hoptancdiol and 
mixtures thereof. These 1, 2-alkanediol s are preferable in terms 
of giving particularly good penetrability into the lecordixiq 
medium. 

in a yet more preferable form ot the present invention, the 
If 2 alkanediol is preferably 1,2-hexarjediol <jj. 1, 2-penLaJiedlol, 
more preferably 1,2-hexanediol . 

The yellow ink preferably contains the 1, 2-alkanediol in a 
range of 0.5 to 10wt%, uwxe preferably 1 Lo 5wt%, relative to the 
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total weight of the yellow ink. It is advantageous for the 
1, 2-aifcanediol content to be at least U . bwt%, since then sufficient 
penetrability can.be obtained, and for the 1, 2-alkanediol content 
to be not more than 10wt%, since then when uhe 1, 2-alkanediol is 
combined with other additives, the Ink viscosity can be easily 
adjusted to enable pLinting. 

According to a moro preferable form of the present invention, 
In tfte case mat the l,k!-aikanedioi is 1,2-butanedicl, the yellow- 
ink preferably contains 3 to 10wt$, uiol« pieftstdbly 5 Lu 10wL%, 
of the 1, 2-butanediol; in the case that the 1, 2-alkanediol is 
1,2-pentanediol, the yellow ink prererably contains J to iuwts, 
more preferably 3 to 7wt%, of the 1,2 penzanediol ; in the case that 
the 1, 2-alkanediol is 1, 2-hexanediol, the yellow ink preferably 
contains 1 to 6wt%, more preferably 3 to 5wt%, of the 1,2- 
hexanediol; and in the case that the 1,2 alkanediol is 1,2 
heptanediol, the yellow ink preferably contains 0.5 to 3wt%, more 
preferably 1 to 2wt$ # of the 1, Z-heptanediol. 

Moreover, the yellow ink preferably contains an organic 
solvpnt. Thin organic solvent is prpfprahly a 1 nw-bni 1 i n<j-po1 nt 
orqanic solvent; preferable examples thereof include methanol, 
cthanol, n-propanol, iooproponol, n-butanol, occ-butonol, 
tert-butanol, isobutanol and n-pentanol. In particular, a 
monohydric alcohol is preferable. The low-boillng-polnt organic 
solvent has an effect of reducing the drying time of the ink. 

Moreover, the yellow ink preferably further contains, a 
high-boiling-point organic solvent. Preferable examples of the 
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high-boiling-point organic solvent include polyhydric alcohols 
such as wthyleue ylycol, diethylene qlycol, trlethylene glycol, 
polyethylene glycol, polypropylene glycol, propylene glycol, 
but ylene glycol , 1 ,'?., fi-hexsnetrH ol, thioglycol, hexylene glycol, 
glycerol, trimethyloletheuifci aiuX txiweLhylolpropane, polyhydric 
alcohol alkyl othcro ouch as ethylene glycol monoethyl ether, 
ethylene glynnl monobutyl ether, diethylene glycol monomethyl 
ether, diethylene ylycol monoethyl ether, diethylene glycol 
zuonobutyl othor, tricthylcnc glycol monomethyl ether, -riethylene 
glycol monoethyl ether and fr" ethyl pne glycol monobutyl ether, 
urea, 2-pyrrolidoue, N-melhyl-2-pyrrolidone, l,3-dlmethyi-2- 
imidazolidinone and triethanolamine . 

The amount added oi the low-hoi ling-pnint nrga-iic solvent 
ia preferably in a range of 0.5 to 10wt%, muxe piei"e.tably 1.5 Lo 
6wt%, of the ink. Moreover, the amount added of the high- 
boiling-point organic solvent is preferably in a range ot n.s to 
40wt%, more preferably 2 to 20wt%, of the ink. 

Moreover, the yellow ink preferably contains an acotylcnic 
ylycol type surfactant (for example, uifine X, h'iUlU or STG, or 
Surfinol 82, 104, 440, 465 or 405 (all made by Shin-Etsu Chemical 
P.O., Ltd.) etc.) as a surfactant. 

Moreover, the yellow ink can also contain other surfactants; 
examples of preferable surfactants include <&;iiuiiii; siuTacLanLs 
(for example, sodium dodecylbensene sulfonate, oodium laurate, 
ammonium polyoxyethylene alkyl etner .sulfate etc. ) , and non- ionic 
surfactants (for example, polyoxyethylene alkyl ethers, 
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po I yoxyfif hyl ftr.A allryl psrprs, po.l yoxyethylene sorbitan fatty acid 
esters , polyoxyethylene aifcyl phenyl ethers, pol yoxyethylene 
alkyl canines, polyoxyethylene alkyl amides etc.). 

Such surfactants may either be used alone, or two or more 
types can be used mixed together. 

Moreover, the yellow ink preferably contains a resin, emulsion. 
Here 'resin emulsion' means an emulsion in which the continuous 
phase is water, and the dispersed phase Is a resin component such 
a3 an acrylic resin, a vinyl acetate resin, a styrene-butadiene 
resin, a vinyl chloride resin, an acrylic-styrene resin, a 
butadiene resin, a styrene resin, a crossllnXed acrylic resin, a 
crosslinkcd styrcne rosin, a benzoguanaminc rccin, a phonol reoin, 
a silicone resin, an apoxy rpsin or ths? like. 

The resin is preferably a pulymei. lual has bulb a hydruphilic 
part and a hydrophobic part. Thorc arc no particular limitations 
on the parr.ir.le riiamftT.e>r ot fhe resin r.nmponenf provided t.o.e 
emulsion can be forced, although it is pruf ujidblti Ioj. Lhe pai. Licle 
diameter to be not more than about I50nm, more preferably about 
5 to lOOnm. 

The resin emulsion can be ublaiued throuyh dispersion 
polymerization of a resin monomer in water, in the presenco of a 
surtactant as required. For examp I p., an emul si on of an ar.ryl i c resin 
or a s-yrene-acrylic resin can be ubLained bv carry iny ouL Lhe 
dispersion polymori2ation of o (mcth) acrylic acid e3ter, or a 
(Tfiftth) ar.ryl i r. arid p.ster and styrene, in water in the presence of 
a surfactant. The mixinq proportion of the resin component to the 
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surfactant, is usual ly prpfprahly made to be in a range of about 
10:1 to 5:1. If the amount used of the surfactant is in this range, 
then an ink can be obtained having better water resistance and 
pp.nptrahi 1 i ty . There are no particular limitations on the 
suifdcLdnl, bul preferable examples include the surfactants 
mentioned above. 

Moreover, as the proportion of the water to the resin that 
makes up Lhe dispersed phase component, a range of 60 to 400, 
preferably 100 to 200, parts by weight of water to 100 parts by 
weight, of ths resin is appropriate. 

A publicly Known resin emulsion, can also be used as the resin 
emulsion. For example, tho resin cmulcionc disclosed in Japanese 
Patent Publication No. S62-142fi, Japanese Patent Application 
Laid-open Ho. H3-5G573, Japanese PaLenl Auulicalion Laid-open No. 
H3-79678, Japanese Patent Application Laid-open, No. H3-1 60068 and 
Japanese Patent Applicar.i on i,airi-opp.n No. wa-iHAk? can be used as 
is. 

Moreover, a commercially available rocin cmuloion can be 
used; examples include Microgel and£-5UU2 (styrene-acry'l i r. 

resin emulsions made by Nippon Paint Cu., LLd. ) , Buucoal 4001 (an 
acrylic resirx emulsion made by Dainippon Ink and Chemicals, Inc. ) , 
boncoat 5454 (a styrene-acry.l1c resin onrnlninn made by Dainippon 
Ink and Chemicals, Ixic), SAE-1014 (d slytene-acrylic resin 
emulsion made by Nippon Zoon Co., Ltd.), and Sivynol SK 200 (an 
acrylrc resin emu I s 1 on ma rip by Sai.den Chemical Industry Co - , Ltd. ) . 

The yellow ink preferably contains "he resin emulsion in an 
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amount such that, the resin rrrtnpnnept of the resin emulsion accounts 
lor 0.1 Lo 40wL%, more preferably 1 to 25wt$, of the ink. The resin 
emulsion has an effect of suppressing penetration of the colorant 
component, qntf thus promoting fixing of the colorant component to 
the recoidiuy medium, Moreover, depending on the type or the resin 
emulsion/ the resin emulsion may form a coating film on the sULface 
ot the ink image on the recording medium, thus improving tho wear 
j.esis lance ol the printed article. 

Moreover, the yellow ink preferably contains a thermoplastic 
resin in the form nf a rpsin emulsion. Here, a * thermoplastic resin' 
is d resin having a softening temperature of 50 to 250°c, preferably 
60 to 200°C, where 'softening temperature' means the lowest 
temperature out ot the glass transition temperature of the 
thermoplastic resin, the melting poii-L of the Lhermoplastic resin, 
the temperature at which the coefficient of viscosity of the 
thermoplastic resin becomes lull ro i tn y noise, and in the case 
that the thermoplastic resin is in the fuiiu of a resin emulsion, 
the minimum film formation temperature (M?T) . In the heating 3tep 
in the method according to the present invention, the? i-P.r.nrding 
medium is heated to a temperature above Lhe sol Leninq temperature 
of the thermoplastic resin. 

Moreover, it is preferable for the. rp.sin to be one that forms 
a strong, water-resistant, wear-resislanl film upon heating above 
the softening or melting tompcraturc and then cooling. 

Examples of thft thprmnplastic resin are water-insoluble 
thermoplastic iesins and low-molecular-welght thermoplastic 
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resins . 

SpaciHc examples ol water-insoluble thermoplastic resins 
include, but aro not limited to, polyacrylic acid/ polymethacrylic 
acid, polymetharry'li r. arid esters, polyethylacrylic acid, 
styrene-butadiene copolymers, polybuLadiene, acrylonitrlle- 
butadicne copolymers, chloroprene copolymers, fluororesins, 
pol yvi ny 1 1 dene fluoride, polyolefin resins, cellulose, 
styr«u«-dciylic acid co-polymers, stvrene^raethacryiic acid 
copolymers, polystyrene, ctyrene acrylarcide copolymers, 
polyisobutyl acryiatfi, pol yar.ryl nni tri le, polyvinyl acetate, 
polyvinyl onjeLoil, pylyauiidea, rosin type resins, polyethylene, 
polycarbonates, vinylidene chloride rosins, cellulose type resins, 
vinyl acetate resins, ethyl ene-vi ny I arstafR r.npolymers, vinyl 
acetate acrylic copolymers, vinyl chloiide .msiiis, polyurelhanes, 
and rosin esters. 

specific examples of low-molecul ar-wpi ght 1-hprmop I asti/? 
resins include polyethylene wax, montan wax, alculiul waxes, 
eynthotic oxidised waxes, a-olefin / maleic anhydride copolymers, 
animal /pi ant waxes such as carnauba wax, lanolin, paraffin wax, 
and macrocrystalline wax. 

The yellow ink may contain saccharides. Examples of 
saccharides include monosaccharides, d1 saccharides, 
oligosaccharides (including trisaccharides and leUasaccharides) 
and polysaccharides, wix;h preferable examples including glucose, 
mannose, fructose, rihose, xy'lnsp, arabinose, galactose, aldonic 
acid, glucltoi, soibiL, maltose, cellobiose, lactose, sucrose, 
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trehalose and malf.ntrinse. Hflrp., ^polysaccharides' is deemed to 
mean saccharides in the broad sense, including substances that 

exist widely in the natural world such ma alyinic acid, w- 
r.yc I oriftxtrln anri r.pllu.l ose>. 

Moreover, dt-iivaLives of ihesse saccharides include reducing 
sugaro (for example, nugar alcohols (represented by the general 
tr>nni.ila HOCH^ (CHOH) „CHjOH (where n is an integer from 2 to 5 
inclusive) ) , oxidized sugars (for example, aldonic acid, uronic 
acid etc.), amino acids and thiosugars. Particularly preferable 
are sugar alcohols, wi rh sppr.ifio examples including maltitol and 
soibil. 

It is appropriate for the content of thcoc oaccharideo to 
be in a range or U.I to auwt*, preferably 0.5 to 3Dwt%, of the ink. 

In addition to the above, pH lequlaLuia (for example, 
triethanolamine, potassium hydroxide etc.), preservatives, 
fungicides and. the like may be added r.o r.he. yp. I lowink^s necessary. 
{Magenta ink) 

According to a preferable form of the proeont invention, the 
maqenta ink preferably contains a magenta pigment and water; a 
particularly preferable magenta pigment comprises C.I. piymeuL red 
1?2 and/or C.I. pigment red 202. The amount of the pigment added 
to the ink may be selected as appropriate from a range such that 
images having good hues can be realized, aud also good light- 
fastness and water resistance can bo obtained; it io preferable, 
for example, tor this amoimr to bp fiwr% or less. 

Moreovei, as with the yellow Ink described above, with the 
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magenta ink, 1t is prnf Arable* for the pigment to be added to the 
ink in Lhe form of a pigment dispersion obtained by dispersing the 
pigment in a water-based solvent using a dispersant or a surfactant. 
As a prpfe^b.le dispersant, a dispersant that is commonly used in 
thw pAtjpdxcuiou of piqmenL dispersions, for example a 
macromolecular dispersant, can be used. A particularly prefeidbla 
dispersant is a block copolymer (I) having an AB, ABA or ABC 
structure as described above. Specific examples thereoi, the 
amount added thereof and 30 on are as in the case of the yelluw 
ink. 

• Moreover, as with the yellow ink, the magenta ink preferably 
contains a 1, 2-alkanodiol, organic solvents, a surfactant, a resin 
emulsion and sar.chari rifts, and may also contain pH regulators, 
preservatives, fungicides and Lhe like. Specific examples thereof, 
amounts added thereof and so on arc ao in the case of the yellow 

ink. 

(Cyan ink) 

According to a preferable form of the present invention, the 
cyan ink preferably contains a cyan pigment and watsr; a 
particularly preferable cyan piyiuenL comprises C.I. piqment blue 
IS: 3 and/or C.I. pigment blue 15:4. The amount of the pigment added 
to the ink may be selected as appropriatp froir. a range such that 
images having good hues can be xealized, arid also good light- 
fastness and water resistance can be obtained? it is preferable, 
tor example, for this amount to be 6wt% or less. 

Moxeyvet, as with the yellow ink described above, with the 
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cyan Ink, if is prafprahlp for- thp pigment to be added to the ink 
in' the form of a plqment dispersion obtained by dispersing the 
pigment in a watcr-ba3ed solvent using a dispersant or a surfactant . 
As a preferable dispersant, a dispersant that is commonly used in 
the preparation uf piumeiil dispersions, for example a 
macromolecular dispersant/ can be used. A particularly preferable 
dispersant is a block copolymer (I) having an AB, ABA or ABC 
structure as described above. Specific examples thereof, the 
amount added thereof and 30 on are as in the case of the yellow 
ink. 

Moreover, as with the yellow ink/ the cyan ink preferably 
contains a 1, 2-alkanediol, organic eolvcr.ta, a surfactant/ orcein 
emulsion and sarchari das, and may also r.nntsin pW rpgvil ators, 
preservatives, fungicides and the like. Specific examples? Uuereul , 
amounts added thereof and so on aro as in the case of the yellow 
ink. 

The yellow ink, the magenta ink and the cyan ink described 
above all preferably contain a pigment as a colorant, and a block 
copolymer (I) as described above as a dispersant lor dispersing 
the pigment, since then the effects of the ink a«L udu be improved. 

Moreover, the yellow ink, the magenta ink and the cyan ink 
described above ail preterably contain a 1, 2-al kanftdiol, sinrrp 
then the effec-s of the ink set can be impiuved. 
(Green ink) 

According to a preferred form of the present invention, in 
addition U> the yellow ink, the magenta ink and the cyan ink 
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described above, the Ink sat further comprises a green ir.k 
containing a green pigment; it is particularly preferable for the 
green pigment to comprise C.I . pigment green 36 and/or C.I . pigment 
green 7. Ry including the green ink in the ink set, the color 
reproducibility, iu particular the color reproducibility in the 
grocn region (i.e. the ability to realize images in the green region 
•t-hrongh the green ink) , can be improved. The hue of the colorant 
used in lhe yellow ink, i.e. the yellow pigment, in particular C. 1 . 
pigment yellow 110, ia reddish, and hence there may be a ris* of 
the color reproducibility ir the green region dropping, and hence 
in tlibj yieen Ltyion becominq narrow. However, by using a green ink 
containing a graen pigment, preferably C. 1 . pigment green 36 and/or 
U.l. pigment green 7, it is possible, tn improve the color 
reproducibility in the green region. 

The green ink preferably contains a green pigment and water; 
a particularly preferable green pigment, comprises r..T. pigment 
green 36 and/or C.I. pigment green 7. The amount of lhe pigment 
added to the ink may be selected as appropriate from a range ouch 
that imaqes having good hues can be realized, and also good 
light fastness and water resistance can be obtained; iL is 
preferable, for example, for this amount to be 6wt% or loss. 

Moreover, as with the yellow ink described above, with the 
green ink, it is preferable for the pigment to be added to Lhe ink 
in the form of a pigment dispersion obtained by diopersing the 
pigment in a water-based so I vent using a di spersant or a surfactant. 
As a preferable Uispmsanl, a dlspersant that is commonly used in 

29 



the preparation of pigment dispersions, for example a 
aiacroiaolecular dispersanx, can be used, a particularly preferable 

dispersant is a block copolymer- (I) having an AB, ABA or ABC 
structure as described above. Specific examples thereof, the 
amount added thereof and so on are as in the case of the yellow 
ink. 

Moroovor, as with the yellow ink, the groan ink proforably 
contains a 1, 2-alkanediol, organic solvents, a surfactant, a resin 
emulsion and saccharides, and may also contain pH regulators, 
preservatives, fungicides and the like. Specific examples thereof, 
amounts added thereof and so on are as in the case of the yellow 

ink. 

(Black ink) 

According to a preferred form of the present invention, in 
addition to the yellow ink, the magenta ink and the cyan ink 
described above, or the yellow ink, the magenta ink, the cyan ink 
and the green ink described above, Lhe ink set further comprises 
a black ink. 

There are no parti r.u I ar I imi tations on the no I orant and othor 
components used in the black ink, with it being possible to use 
ones commonly used in black inks in ink octo; for example/ a pigment 
such as carbon black can be used as the colorant. By including the 
black ink in the ink set, the sensation of solidity of images, 
particularly images containing three dimensional objects, can be 
improved. 

Moreover, as with the yellow ink described above, in the black 

30 



ink, in addition ro a pigment such as carbon black, it is also 
preferable to use a block copolymer (I) having an AB, ABA or 
structure ao deccribod above as a diaper sent for dispersing the 
p1 gment, and i t is also preferable to use a 2-alkanediol . Specific 
examples UiexeuC, air.uLj;Ls added thereof and so on are as In the 
cacc of the yellow ink. 
(Light magenta ink and light cyan ink) 

According to a preferred form of the present invention, in 
addition to the yellow ink, the magenta ink and the cyan ink 
riescri hfiri ahnvn, or the yel low ink, the magenta ink, the cyan ink 
and the yxeen ink described above/ or the yellow ink, the magenta 
ink, zhe cyan ink and the black ink described obove, or the yellow 
ink, the magenta ink, the cyan ink, thp green ink and the black 
ink described above, the ink s«t fuiLUex comprises a lighL magenta 
ink and a light cyan ink. The light magenta ink and the light cyan 
Ink have the same compositions as rhp magpnta ink and the cyan ink 
described above respectively/ except that the cuuctiuLra^ion of the 
colorant is lowered, 
(other Inks) 

In addition to the inks desciibud dbuve, the ink set of Lhe 
present invention may as required further comprise a dark yellow 
ink obtained by adding small amounts of a magpnt-a pigment and a 
cyan pigment to a yellow ink conteiiiiiuq a yellow pigment. 
Furthermore, the ink set of the present invention may also further 
comprise other 1nka. 
(Ink set) 
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The Ink set of thp present invention basically comprises a 
yellow ink, a maqenta in* and a cyan ink, and is such that reflected 
light from an image formed through ink jet output has specified 
sppcfra.l characteristics. 

In d preferred form of the ink set of the present Invention, 
the ink set compri3e3 a yellow ink containing C.I. pigment yellow 
110, a magenta ink containing C.I. pigment red 122 and/or C.I. 
pigment red 202, and a cyan ink containing l.i. pigment blue 15: J 
and/or C.I. pigment blue 15:4. With this ink set/ through the 
comhinati nn of tne spectral characteristics of reflected light 
liom iiuaqes formed for each color, it Is possible to reduce 
metamerism for an image printed uoing the whole ink 3et . 

Moreover/ in another prpfprrpd form, of the ink set of the 
present invention, the ink seL is a 6-colur ink set basically 
comprising a yellow ink, a magenta ink, a cyan ink, a black ink, 
a light magenta ink and a 1 ighr. cyan ink, s^iri i s sncb that reflected 
light from an image formed through ink jbl output has specified 
spectral characteristics. 

The yellow ink, the magenta ink, the cyan ink, the h'lar.k ink, 
the light magenta ink and the liyhL cyan ink in this 6-color ink 
set preferably all contain a pigment as a colorant, and a block 
copolymer (1) as described above as a di spprsant for dispersing 
the pigment, since then the «f feels of the ink set can be improved. 
Moreover, all of the inks in the 6-color ink set preferably contain 
a 1,2-a I Icaneriio I , sinr.p then, the effects of the ink set can be 
illipiuved. 
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According to another form of the present invention, the ink 
set or the present invention basically comprises a yeiiow ink, a 
magenta ink, a cyan ink, and a green ink, and is such that reflected 
light from an imago formed through ink jot output has specified 
spectral characteristics. 

Moreover, a.ccoi.diuy Lu a-uolher fyxmuf Lhe present invention, 
the ink oct of the prcocnt invention basically comprioco a yellow 
ink, a magenta ink/ a cyan ink and a black ink, and is such that 
ieflecled liybl fium an iiuaye formed LhiouyU ink jel uuLpuL hern 
specified spectral characteristics. 

iurthermore, according to another torm ot the present 
invention, the ink set of the present invention basically comprises 
a yellow ink, a magenta ink, a cyan ink, a green ink and a black 
ink, and is such that reflected light rrom an image formed through 
ink jet output has specified spectral characteristics. 

Furthermore, according to another form, of the present 
invention, the ink set of the present invention basically comprises 
a yellow ink, a magenta ink, a cyan ink, a green ink, a light magenta 
inV and a l.ighr cyan ink, and is such that reflected light from 
an image formed through ink 3et output has specified spectral 
characteristics. 

According to the ink set of the present invention, metamerism 
can be reduced. Moreover, by using the above-mentioned green ink, 
color reproducibility in the green region can be improved. 

There are no particular limitations on the usage of the ink 

set of the present invention . However, in terms of it being possible 



to print hi gh-rp.sol ution, high-quality images at high speed using 
a relatively inexpensive apparatus, the ink set ot the present 
invention ia suitable for use with ink jet recording, in which 
printing is carried out by making ink droplets fly onto a recording 
medium such as paper. 

Moreover, if an image is formed on a recording medium through 
a recording method using the ink set of the present invention, then 
a vivid, high-quality Image can be obtained, with metamerism being 
reduced. 

An pxample of a recording method using tha ink set of the 
present invention is a method in which an image is rormed using 
an ink jet recording apparatus or other recording syatem comprising 
an ink cartridge housing the .ink set of the present invention, and 
a printer head that discharges the inks o£ the ink set of the present 
Invention from tho ink cartridge . 

Moreover, by using i-hp ink set of the present invention, a 
recorded article can be obtained in which a vivid, high-quality 
image is formed on a recording medium, with metamerism being 
reduced. 
[Examples] 

The present invention will now bo doeeribod in further detail 
through the following examp'lRK. Tt should be noted, however, that 
the present invention ia nut limited whatsoever by these examples. 
[Example 1] 

Tnk.s of various colors having the following compositions were 
produced, thus preparinq an ink set comprising the inks. 
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(Yellow ink) 
Pigment 

C.I. pigment yellow 110 4wt% 
Liquid medium 

Ammonium sail oj: sLyrene-acrylic copolymer (molecular 
weighr 7 000, disperaant / solid content) 2wt ! 6 
Glycerol I0wt% 
Ethylene qlycol 3wt% 
Triethylene glycol monobutyl ether 5wt% 
Tri #»thannl.ami,n(? 0.9wt& 
2-pyrrolidone 3wt% 
Surfinol 465 (mado by Shin-Btou Chemical Co., Ltd.) 

lwt% 

ion-exchange wdtai Remainder 
(Magenta ink) 
Pigment 

C.I. pigment red 122 3wL% 
liquid medium 

Ammonium salt of styrene-acrylic copolymer (Tno'Acula-^ 
weight 7000, dispeisaiiL / sulid couLenL) 1.5wt% 
Glycerol lSwt% 
Ethylene glycol Swt% 
Triethylene qlycol uluuoIpuLvI elher 5wt% 
Triethanolamir.o 0.9wt% 
Z-pyrrol idnnp 3wt% 
Suiliwol 465 (made by Shin-Btsu Chemical Co., Ltd.) 
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lwt% 

Ion-exchanqe water Remainder 
(Cyan ink) 
Pi gmprt- 

C.I, piymenL blue 15:3 2wt5 
Liquid medium 

Ammonium salt of styrene-acrylic copolymer (molecular 
welqht 7000, dispersant / solid content) lwc% 
Glycerol 15wt% 
Ethyl pnp glycol 5wt% 
TrieLhylene qlycol monobutvl ether 5wt% 
Triethanolamino 0.9wt% 
2-pyrrolidor.a 3wt% 
Snrfinol 405 (made by Shin-Elsu Chemical Co., Ltd.) 

lwt% 

Ion-exchange war.e.r Remainder 
[Comparative Example 1] 

A yellow ink was produced as in Example 1, only changing the 
piqment to C.I. pigment yellow i'2b, and an xnk set was praparpsd 
comprising this yellow ink, and lucLytsula and cyan inks havinq the 
same compositions as in Example 1. 
evaluation i: 

Images were recorded on r«cui.diuq media using Lhe ink sets 
of Example 1 and Comparative Example 1/ and metamerism wag evaluated 
as rollows. 

An EM-900C luk JeL printer (made by Seiko Epson Corporation) 
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Was used, and the Ink sp.ts nf Example 1 and Comparative Example 
1 were Tilled into ink cartridges Tor exclusive use with this 
printer. For each ink Get, color mixing was carried out using the 
thrRR inks in the ink set, and a monochrome gradated solid pattern 
(gray scale) was ouLpuLled, beinq printed on a recording medium 
for exclusive use with the printer (glossy film, made by Seiko Epson 
Corporation) (hare and hereinafter ^solid pattern' means that the 
recording medium was covered by the pattern with no gaps) . The color 
mising was carried out 3uch that the same colors were produced f ot 
both ink Sftts unripr 3 DRO light source. 

Eadi oulpulled pattern was held up to a fluorescent lamp and 
sunlight, and the extent of change in the colora was investigated. 
The results were that, with thp. ink set of Example 1, no great 
difference was found in the appearance o£ the colors between the 
light sources (i.e. metamerism was reduced) . With rhe ink 3et of 
Comparative Example i, on the nrhp.r hand, a sh.lt't to a green color 
was seen under the sunlight compared with Llie Iluoresceul lamp (i.e. 
metamerism occurred) . 

Moreover, for each of the patterns obtained, no I or 
measurements were taken using a 938 SpeclxodensiLomeler (made by 
X-rite) (with a DBO light source)' on the part of the pattern for 
which the brightness L* in the. T.*a*h* r.olor system stipulated by 
the CIE was 50, and the spectral characteristics of the reflected 
light were thus investigated. It woo found that a fairly flat 
spectral curve was fnrmpri for the image formed using the ink set 
of Example l (see Fxy. 1), whereas a larqe peak was formed at 500nm 
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with the ink set of Crwparaf i vp Example 1 (see Fig. 2). 

Furthermore, a 5C% duty solid pattern was outputted for each 
of tho colored inko in the ink aet of Example I and the ink set 
nf Comparative Example l r and the spectral characteristics of the 
reflected liyhl under a D50 liqhL source were Investigated as above, 
i.e. the only difference with above was that the individual colors 
were outputted singly without color mixing being carried out. It 
was ^ound Uhal the spectral characteristics differed between the 
yellow ink in the ink 3et of EKample 1 (see Fig. 3) and the yellow 
ink in the. ink set of Comparative Example 1 (see Fig. d) . Note that 
iu Fiys. 3 and 4, X Y' indicates the yellow Ink, 'M' the magenta 
ink, and *C the cyan ink. With the yellow ink used in Example 1, 
moving from low wavelength to high wavelength, the light source 
wavelength range over which reflection ul liqhL sLarLs to occur 
as opposed to absorption is 470 to 500nm, and the reflectance of 
the yellow image is about 20% ar. 5D(m:n, and ahnut 70% at .S40nm (see 
the , Y' curve for the yellow ink in Fig. 3) . As a result, Lhe 
^peak/trough difference' of the reflectance (the difference 
between the maximum value and the minimum value of the reflectance.) 
for the gray scale image is only about 15% (see Fiy. 1) , arid hence 
it is thought that metamerism has been reduced. 
TExaraple 2] 

A 4-color ink set was prepared by addinq a yreen ink 
containing C.I. pigment groon 36 to the 3-color ink set of Example 
i comprising the ye I low Ink, the magenta ink and the cyan ink.. The 
composition of Lhe yLeeu ink was the same as that of the yellow 
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ink used 1n Example 1 pxcept that the yellow pigment was changed 
lo C.I, piqment qreen 36. 
[Example 3] 

A 4-co.l.or ink set the same as that of Example 2 was prepared, 
except, thai C.I. piumenL qreen 7 was used instead of C.I. pigment 
green. 36 as the pigment in the green ink. 
I Example 4] 

A 5-color ink set was prepared by adding a black ink 
containing carbon black to the 4-color ink set of Example 2 
r.nitipri •sing th*» yellow ink, the magenta ink, the cyan ink and the 
yieeu ink. The composition of the black ink was the same as tnat 
of the magenta ink used in Example 1 except that the magenta pigment 
was changed to carbon bjar.k. 

The same evaluation ds thai carried oal on the ink set of 
Example i was carried out on the ink octa of Examples 2 to 4, 
whereupon it was found r.har in ai I rasps, as with Example 1, the 
difference between the maximum value and the minimum value of the 
reflectance for the gray scale image was not more than 20%/ and 
hence metamerism was reduced, furthermore/ ooior rpprorinrihi 1 i ty 
in the green region was improved Tux all of Ihe ink sets of Examples 
2 to 4. Moreover, the sensation of solidity of images wao improved 
with the ink set ot Example 4 dues to rhp presence of the black ink, 
{Examples 5 and G, Comparative Example 21 
Preparation of dispersar.to 

Dispersants a and p for pigment dlsporeion were prepared as 
follows. KuLe that when preparinq the dispersants, the procedure 
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disclosed in Japanese Patent Application Laid-open No. Hll-2 69/118 
was followed, 

Jispersanx a: t-butylstyrene / styrene // methacrylic acid (27 / 
18 7/ S5wt%) block copolymer 

Firstly, the. to II owing components were prepared, and a 
macromonomer a was produced as described below. 

Component Weight (g) 

Part 1: Methanol 233.4 
isopropanol 120.3 
Part 2: Methacrylic acid monomer 238.1 

Mpfhannl ay - 3 
PdiL 3: isupiopyl-bis(borondichloromethylglyoximato) cobe.lt 

(III) salt °- 143 
2,2'-azobis(2,2-dimethylvaleronitrile) (Vazo (trademark, 
made by DuPont) ) c - 52 
Acetone 87.2 
The parz i mixture was put into a 2-liter riasK provided with 
a thermometer, a stirrer, an adding funnel, a reflux condenser, 
and ©eans for maintaining a nitrogen blanket covering the reactants . 
The mixture was then heated to a reflux temperature, and was 
refluxed for about 20 minutes. Parts 2 and 3 were then added 
simultaneously while maintaining the reaction mixture at the 
reflux remperamre. The. addl r.1on of the part 2 was carried out over 
4 houis, and the addition of the part 3 was carried out over 4*a 
hourc. Ref luxing was then continuod for a further 2 hours, and then 
the solution was cooled to room temperature, thus obtaining a 
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macrnmonomer sol n t* ion a. 

Next, in addition to the macromonomer a obtained, the 
following components weie prepared, and Lhe dispersant a was 
produced following the procedure described below. 

Component: weight (g) 

Part la: Macromonomer a 152.4 

2-pyrrolidone 40.0 
Pari 2a: Lupersol U (t-butyl peroxypivalate) (made be hilt Arochem 

North America) 0.67 

Arpf-one 10 . 0 

?ari 3a; l-butylstyrene 27. U 

Styreno 10 . 0 

Fart 4a: Lupersol 11 2.67 

Acetone 20.0 
Part 5a: Lupersol 11 0.67 

Acetone 10.0 
The pai-t la mixture was put inLu a 50 Owl flask provided with 
a thermometer, a stirrer, an adding funnel, a reflux condenser, 
and means for maintaining a nitrogen blanJcet covering fhp reaction 
mixture. The mixture was thuu he<±Uid Lo a reflux teiriperature, and 
was refluxed for about 10 minutes. The part 2a oolution was then 
added. Next, parts 3a and 4a wnrp nrided simultaneously while 
maintaining the reaction iuixLu.ce at Lhe reflux temperature. The 
addition of the parte 3a and 4a wao carried out over 3 hours. The 

1 

reaction mixture was then refluxed for 1 hour, and then the part 
5a BuluLivu was added, before refluxlng the reaction mixture ror 
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I more hour. The mixture was then distilled until about 117g of 
volatile matter had been recovered, and then 75. Og of 2-pyrrolidone 
was added, thuo obtaining 239. Og of a 41.0% polymer solution 
(dispersant cc) . 

Dispersant P: btyrene / methyl methar.ry late // math* nr y.li.c acid 
{25.0 / 29.2 // 45.8wt%) block copolymer 

The following components were prepared, and tho diopcroant 
P was produced tol lowing the procftrim-P. ripscribed below. 



Component Weight (y) 
Part lh: NfacroTnonnTTier a -152,4 

2-pyrrolidone 40.0 

Part 2b: Lupersol 11 0.67 

Acetone 10.O 

Part 3b: Styrene 30.0 

Styrene methacrylato 35.0 

Part 4b: Lupersol 11 2.67 

Acetone 20.0 

Part 5b: Lupersol 11 0.67 

Acetone 1 0 . n 



Using parts lb to 5b above, Lhe same procedure as for 
disporsant a woo carried out/ thu3 obtaining 270g of a 44 . 0? polymer 
solution (dispersant JJ) . 
Production of ink compositions 

Ink compositions Al to A7-L were produced as follows using 
the dispersant a or P obtained as above. 
Ink composition Al (yellow ink) 
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100g of r. .T. pigiaent yellow 110 as a yellow pigment, 150g 

01 the dispersant. re, fig of pnta.ss-ii.iun hydroxide and 250g of water 
were mixed together, and dispersion was carried out for 10 huuib 
in a ball mill using zirconia beads. The stock dispersion thus 
obtained was filtered using a membrane! f i 1 ter a* pore size 8j.im (made 
by Nihon Millipore Limited) to remove coarse peu Licles, dud Lheii 
the filtrate was diluted with water until tho pigment concentration 
was I5wt%, thus producing a yellow pigment: dispersion Al. 

4 0g of the yellow pigment dispersion Al thus ubleined, 15g 
of glyc-.prol , 3g of 1, 2-hexanediol and lg of ORUFIN E1010 were mixed 
tuyeLher, and ultrapure water was added to make the total weight 
up to 100g. The pH of the mixture was then adjusted to 0.5 using 
triethano Lamine as a pH regulator, the mixture was agitated for 

2 hours, and then Lhe ud*luie was filtered using a membrane filter 

of pore sise about 1.2um (made by Nihon Milliuuie Limited), Lhus 

producing the inlc r.ompnsi ti nn Al. {yellow ink) . 

Ink compositions A2 and A2-L (cyan ixik and liqht cyan ink) 

lOOg of C.I. pigment blue 15:3 as a cyan pigment, lOOg of 
the dispprsant a, 4.5g of potassium hydroxide and 250g of water 
were mixed together, «and dispersion was carried out for 10 hours 
in a ball mill using zirconia beads. The otock dioperoion thus 
obtained was filtered using a membrane filter of pore csisc 8^m (made 
by Nihon Millipore Liiuiledj lo remove coarse particles, and then 
the filtrate was diluted with wator until the pigment concentration 
was lOwt.%, thus producing a cyan pigment dispersion A2. 

20y of the cyan piqment dispersion A2 thus obtained, log ot 
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glycerol, Sg of diethylene glycol, 2g of 1, 2-hexanediol and lg of 
ORUFIN Eioio were mixed together, and ultrapure water was added 
to make the total weight up to lOOg. The pH of the mixture was then 
adjusted to 8 , 5 using triethanol amine as a pH regulator, the mixture 
was agitated for 2 hours, and then tne mixture was filtered using 

a membrane filter of oore size l.2nm (made by Ninon. Mllllpore 
Limited) , thus producing the ink composition A2 (cyan ink) . 

Moreover, separate to the above, 7g of the cyan pigment 
dispersion A2 obtained above , 20g of glycerol, Og of diethylene 
glycol, lg of 1 , 2-hexanediol and 0.4g of ORUFIN STG were mixed 
together, and ultrapure water was added to make the total weight 
up to lOOg. The pE of the mixture was then adjusted to 8.5 using 
t.ri.ethanolaitiine as a pH regulator, the mixture was agitated for 
2 hours, and then Lhe mixlure was filLered using a membrane filter 
of pore size 1 . Zuoi (made by Ninon Millipore Limited) / thus piuduciny 
thP ink cojnposi tion A7-H, (.light cyan ink). 
Ink cuiuposiLiuii A3 (yellow ink) 

lOOg of C.I- pigment yellow 110 ao a yollow pigment, 150g 
of the dispersant p, Sg of potassium hydroxide and 25t)g of water 
waie mixed loyelher, and dispersion was carried out for 10 hours 
in a ball mill using zirconia beads. Tho stock diopcroion thus 
obtained was filtered using a membrane filter of pore sizo 8pm (made 
bv Niuuu Millipore L Lulled) Lo remove coarse particles/ and then 
the filtrate was diluted with water until the pigment concentration 
was lOwtl, thus producing a yellow pigment dispersion A3. 

40q of the yellow pigment dispersion A3 thus obtained, i5g 
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of glycerol, 3g of 1,2-hexanediol and Ig of ORUFIN E1010 were mixed 
together, and ultrapure water was added to make the total weight 
up to lOOg. The pll of the mixture was then adjusted to 8.0 using 
triethanolamine as a pH regulator, the ir.ixture was agitated for 
2 hours, and then the mixture was filtered using a membrane filter 
of pore size 1 .2ym (madeby NihonMilllpore Limited) , thus producing 
the ink composition A3 (yellow ink) . 

ink compositions A4 and A4-L (magenta ink and light magenta ink) 
lOOg of C.I. pigment red 122 as a magenta piyuieiiL, 150y ul 
the dispcrsant 0, Sg of potaooium hydroxide and 250g of water were 
mixed together, and dispersion was carried out for iU hours in a 
ball mill using zirconia bead3 . The stock dispersion thus obtained 
was filtered using a membrane filter of poro size 8pm (made by Nihon 
Millipore Limited) Lo remove coarse particles, and then the 
filtrate was diluted with water until the pigment concentration 
was Klwt%, thus producing a magenta pigment dispersion Ad - 

30y uf the juwyenla pigment dispersion A4 thus obtained, 15q 
of glycerol, 3g of 1 , 2-hcxanodiol and lg of ORUFIN E1010 were mixed 
together, and ultrapure water was adri«d to malcp thp total, weight 
up Lo lOOy. The pH of Lhe mixture was then adlusted to 8.5 using 
triethanol amine as a pH regulator/ the mixture was agitated for 
?. hnrrs, and then the mixture was filtered using a membrane filter 
of pore size I .2um (made by Ni hon Mi I M pore T.im.i ted) , thus producing 
the ink composition A4 (magenta ink) . 

Moreover, separate to the above, lOg of the magenta pigment 
dispersion A4 obtained above, 20g of glycerol, 6g of ethylene glycol, 
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3g of 1 , ?.-hAXahPriiol and fl.4g of ORUFIN STG were mixed together, 
and ultrapure water was added to make the total weight up to luug. 
The pH of the mixture was then adjusted to 0 . 5 using triethanolamine 
as a pH regulator, the mixture was agitated for 2 hours, and then 
the icdxture was filtered using a membrane f 1 I for of pnrp si *e 1 . ?um 
(made by Nihon Millipore Limited) / thus producing the ink 
composition A4-L (light magenta ink) . 
Ink composition A5 (black Ink) 

100g of carbon black as a black pigment, 150g of the 
dispersant |3, 6g of potassium hydroxide and 2S0g of water were mixed 
toqether, and dispersion was carried out for 10 hours in a ball 
mill using zirconia beads. The stock dispersion thus obtained was 
filtered using a membrane filter of pore size 8um (made by Nihon 
Millipore Limited) to leiuuve coarse parLicles, and then the 
filtrate was diluted with water until the pigment concentration 
was 10wr.%, thus producing a hiar.k pi gment dispersion A5. 

30g of the black pigment dispel sion A5 thus obtained, 15q 
of glycerol, 3g of 1, 2-hexanediol and lg of ORUFIN E1010 were mixed 
together, and ultrapure water was added to make the total weight 
up to lOOg. The pH of the luLxtuxe was then adjusted to 8.5 usinq 
triethanolamine as a pH regulator, the mixture was agitated for 
2 hours, and tnen the mixf.nrp. was filfpred using a membrane filter 
of pore size l.Z\us\ (made by Nihon Millipore Limited) , thus producing 
the ink composition 7v5 (black ink) . 

Tnk compositions A6 and A6-L (cyan ink and light cyan ink) 

ink compositions A6 (cyan ink) andA6-L (light cyan ink) were 
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producer! having the same compositions as ink compositions A2 and 
A2-L respectively/ except that u.i. pigment blue Io:4 was used 
instead of the pigment used in ink compositions A2 and A2-L. 
Tnk compositions A7 and A7-IL (magenta ink and light magenta ink) 

Ink compusl Lions A7 (magenta ink) and A7-L (light magenta 
ink) were produced having the same compositions as ink compositions 
A4 andA4-L respectively, except that C.I. pigment rod 202 was uocd 
instead of the pigment used in ink compositions A4 and A4-L. 
Trinting evaluation tests 

An ink jet printer MC2000C (made by Seiko Epson Corporation) 
was used in the evaluations, with each of the colored inks in each 
ink set being put into the ink chamber of the corresponding color 
m the ink tank of thp printer. Specifically, in the case of ihe 
ink set of Example 5, the ink composition Al was put into the yellow 
ink chamber/ tho ink composition A2 into the cyan ink chamber, the 
ink composition AX-I, into fnp light cyan ink chamber, the ink 
composition A4 into the magenta ink chamber, the ink composition 
A4-L into the light magenta ink chamber, and the ink composition 
A5 into the black ink chamber. 

Moreover, in the case of the ink set of Example 6, the 
following ink compositions were put into the respective ink 
chambers: the ink compos i t i on A3 in place of the ink composition 
Al used in Example 5; the ink composl Lions A6 and A6-L in place 
of the ink compooitiono A2 and A2-L uoed in Example 5; and the ink 
compositions A7 and A7-L in place of the ink compositions A4 and 
A4-L used in Example 5. 
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The undermentioned saquAnr.i? of evaluations was then carried 

ouL. 

Noto that for the sake of convenience, ~he ink sets of 
Examples fi and 6 shall be referred to as ink set a and ink set b 
respectively. Ink aels a and b thus comprise the following ink 
compositions . 





Example 5 


Example 6 




(Ink set a) 


(ink set b) 


Yellow 


Al 


A3 


Cyan 


A?. 


A6 


LiyliL cyd.ii 


A2-L 


A6-L 


Magenta 


A4 


A7 


Light magenta 


A4-L 


A7-T, 


Dlack 


AG 


A5 


I . Evaluation 


of printing stability 



Continuous printing was carri «ri on1-, and i t was observed 
whether or not dot omission and ink scatLeiiny occurred. The 
evaluation was carried out according to the following criteria. 
A: After 48 hours, dot omission or ink scattering had occurred Ipss 
than 10 times. 

P: After 48 hours, dot omission or ink scattering had occurred 10 
times. 

C; After 24 hours, dot omission or ink scallerlay had occurred 10 
times. 

1>: Dot omission or Ink sr.arfnring occurred more than 10 times within 
24 hours. 
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The evaluation rp.su it was 'A' for both ink set a and ink set 
h, showinq that the printing stability was extremely good in both 
casco. 

?. Evaluation of printed image quality 

Metamerism for Lhe case that an image was recorded on a 
recording medium wag evaluated ac follows for the ink aaL a and 
the ink set b. 

For each of the ink sets a and b, color mixing was carried 
out using the various inks in the ink set, and a monochrome gradated 
solid pahtprn {gray scale) was outputted, being printed on a 
recording medium for exclusive use with the printer (glossy Iiim, 
made by Seiko Epson Corporation) . This wao done auch that the same 
colors were proriured for both ink sets under a D50 light source. 

Each outputted paLLm.ii was held up Lo a fluorescent lamp and 
sunlight, and the extent of change in the colors wa3 investigated. 
The results were r.har, wirh both i-hp ink- set a and the ink set b, 
no great change was found in the appearance of Lhe colors between 
the light sources. 

Moreover, for each of tbe patterns obtained, rolnr 
measurements were taken usiuy a 938 SpecLxudensitometer (made by 
X-rite) (with a D50 light source) on the part of the pattern for 
which the brightness L* 1n thft T.*a*b* color system stipulated by 
the C1E was 50, and as in Example 1, Lhe specLral characteristics 
of the reflected light wore thuo investigated. As shown in Fig. 
5 (ink set a) and Fig. fi (ink set b), it was found that for borh 
of Lhe ink seta, a fairly flat spectral curve was formed, with the 

49 



difference between thA maximum value and the minimum value of the 
re XI ec Lance for the gray scale image in the light source wavelength 
rango of 400 to 700nm being about 10% in both cases. 
A. Evaluation of light-fastness 

or Uie patterns obtained in the evaluation of the printed 
image quality, light fastness tests were carried out on the solid 
pattern for which the OD value was 1.0. Moreover, for comparioon, 
as Comparative Example 2, a 6-color ink set c was prepared that 
wqo the oome as the ink set a, except that an ink composition A8 
(ye! low ink) was used in place of the ink composition Al, where 
the ink composition A8 was produced as for the ink composition Al 
but using c.I. pigment yellow 74 in place of C.I. pigment yellow 
11U as the yellow pigment; using the ink set c, a solid pattern 
was outputted as above, and liuht- fastness tests were carried out 
on the pattern for which color mixing had been carried out such 
that OD = 1.0. 

The evaluation method was as follows . Firstly, the solid 
pattern was set in a folder for cxclucivc tcot uae, and was covered 
with a zmm-thick piece of soda-lime glass, with a ?mn sir layer 
left between the printed aitiole <±ad the glass. The folder was then 
mounted in a xenon light-fastness test apparatus CiSOOO (made by 
Atlas), and an exposure test was carried out. 

The operating environment of the test apparatus was made to 
be as follows. 
Light source: X«non lamp 

Output illuwiuan.ee: 55W/H1 1 (total illuminance in 300 to 4U0nm 
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range) 

exposure time: 72U hours 

Filters: Inner: Borosilicate 

Outer: Soda-lime 
Temperature in chamber: 30" c 
Humidity in chamber: 45% RH 

The results woro that, with tho ink act a, virtually no color 
degradation could be seen with the naked eye . Moreover, the OD value 
was 0.93,. showing that the color persistence rate was 93$. 

In contrast, with the ink set c, the color could be seen to 
have changed greatly, and the od value was u.foS, and thus the 
persistence rate 65%, which is a level below that required for 
practical use. 

Moreover, for the ink set c, the spectral characteristics 
of the reflected light were investigated as in Example 1, whereupon 
the spectral curve was found not to be flat, with the difference 
between the maximum value and Lhe minimum value of the reflectance 
for the gray scale image over a light source wavelength range of 
400 to VOOnm being ?.8S (Sftft F1g. 7) . Furthprmorp, thp rpfl.ecta.nce 
of Lhe ouLpuL color throuqh ink let output of the ink composition 
A8 (yollow ink) used in the ink oct c under a D50 light source Wa3 
fiO% at a light source wavelength of 5Q0nm, and 80% at a light source 
wavelength of S40nm. 

According to the ink set of the present invention, metamerism 
(the phenomenon in which the colors of a printed article (color 
recorded image) differ according to the light source used when 
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viewing fhft printpd srticle) is reduced. Moreover, according to 
specific embodiments or the ink set of the present invention, 
printing otability and light fastness are also good. 
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